Abstract. The current study aimed to present the neuroradiological and histopathological features of intracranial hemangioendothelioma (HE). The computed tomography (CT; n=3) and magnetic resonance imaging (MRI; n=7) features, and the clinical presentations of 7 patients with pathologically documented HEs were retrospectively analyzed. Lesions were observed in the right side of the skull (the frontal bone in 1 patient and the parietal bone in 1 patient), the tentorium (2 patients), the cerebral falx (1 patient), the right cavernous sinus (1 patient) and the right temporal lobe (1 patient). The tumor was lobulated in 5 cases and round in 2 cases. The majority of tumors appeared isointense or hypointense with multiple scattered hyperintensities on T1-weighted MRI. Moreover, the lesions appeared as inhomogeneous hyperintense regions with multiple enlarged and tortuous blood flow voids on T2-weighted MRI. The lesions also showed marked gadolinium enhancement in a honeycomb pattern. CT scan results showed a isoattenuation region (32-47 HU), with numerous small, round, high-density foci. The 2 cases with skull lesions presented with local bone destruction and discontinuous bone lines of the tabula interna ossis cranii. In 1 case, MR angiography revealed abnormal vessels in the basilar region. A total of 4 cases were epithelial HE, 2 were retiform HE and 1 was kaposiform HE. Histological examination revealed endothelial cell proliferation with vascular lesions and a mucous matrix or dense fibrous mesenchyme. In conclusion, intracranial HE is rare, but should be considered in the differential diagnosis when evaluating intracranial neoplasms. A well-defined lobulated mass and imaging features that include internal heterogeneity, small scattered hemorrhages and thromboses, signal voids of vessels, and marked and delayed enhancement may confirm the diagnosis of HE.
Introduction
Intracranial hemangioendothelioma (HE) is a rare borderline angiomatous tumor with invasive behavior and an intermediate level of malignancy between that of benign hemangioma and high-grade malignant angiosarcoma (1) . Intracranial epithelioid HE accounts for <0.02% of all primary intracranial tumors, and the tumor usually develops in the dura mater, cranium and brain. HE involving intracranial structures occasionally results in serious local compressive symptoms, including cranial nerve palsy or a potentially fatal increase in intracranial pressure. Despite the low proliferation indices, the clinical course of intracranial HE can be complicated (2) . A total resection is essential where possible, otherwise radiotherapy and/or chemotherapy are required (2) . Pre-operative embolization of the feeding-artery is recommended. As intracranial HE is seldom encountered in clinical practice, considerable confusion exists with regard to its correct diagnosis and management. To date, numerous studies have focused on the histogenetic, histopathological and clinical characteristics of HE (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) ; by contrast, there have been only scattered case studies that have described the imaging findings (12, 13) . The purpose of the present study was to analyze the computed tomography (CT) and magnetic resonance imaging (MRI) characteristics of intracranial HE, and to describe the pathological features.
Patients and methods
Patients. This study was approved by the Ethical Review Committee of Huashan Hospital, Fudan University Medical School (Shanghai, China), and the requirement for patient consent was waived for this retrospective study. A retrospective review was performed on 7 patients with surgically and histologically proven HE at Huashan Hospital (Shanghai, China) between January 2008 and December 2013. The patients included 1 male and 6 females, with ages ranging from 13 to 62 years and a median age of 51 years at the initial diagnosis.
CT. CT examinations were performed using a CT machine (Somatom Emotion, Siemens, Erlangen, Germany; or LightSpeed, GE Medical Systems, Milwaukee, WI, USA). A conventional axial scan (120 kV, 180 mA, 512x512 matrix and a section thickness of 10 mm) was performed in 3 cases.
MRI. MRI was performed in all 7 patients. All MRI images were acquired using a 1.5T MRI unit (Signa Excite HD Twinspeed; GE Medical Systems) or a 3T MR scanner (Signa Excite GEMSOC01, GE Medical Systems) with a single-channel head coil. Sagittal and axial, T1-weighted [400-msec repetition time (TR)/15-msec echo time (TE)] spin-echo (SE) images; axial, T2-weighted (3,000-msec TR/119-msec TE) fast SE images; and fluid attenuated inversion recovery (FLAIR; 8,500-msec TR/138-msec TE) images were obtained for unenhanced MRI; such images were observed using a field of view (FOV) of 25-35 cm, an image matrix of 256x128 or 256x256, and a section thickness of 8 mm with a 2-mm gap. Diffusion-weighted (DW) MRI studies were acquired in the axial plane using a single-shot SE echo planar imaging sequence with b values of 0 and 1,000 sec/mm 2 in five orthogonal directions. Contrast-enhanced sagittal and axial, T1-weighted, and SE MRI images were obtained after the administration of gadolinium diethylenetriamine pentaacetic acid (0.1 mmol/kg body weight; Magnevist, Berlex Laboratories, Berlin, Germany). Intracranial time-of-flight MR angiography (MRA) was performed in 1 case using the following parameters: TR/TE, 20-25/3-7 msec; flip angle, 20˚; FOV, 178x200 mm; matrix, 256x196; slice thickness, 1.2 mm (0.6-mm overlap with the adjacent section); and section slices, 140.
Data analysis. The pre-treatment CT and MRI studies from the initial presentation were reviewed, and tumor location, size, shape, attenuation, presence of calcification, signal intensity, enhancement characteristics, peritumoral edema and associated hydrocephalus were recorded. Clinical data, such as symptoms and their duration, treatment and pathological results, were also reviewed.
Immunohistochemical staining. The tumor tissues were fixed in 10% formalin (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) and paraffin (Shanghai Hualing Health Machinery Plant, Shanghai, China) embedded for routine processing. For immunohistochemistry, 5-µm thick sections were deparaffinized using xylene (Wuxi Yasheng Chemical Co., Ltd. Wuxi, China), rehydrated using a graded ethanol series (100, 95, 90, 80 and 70%) and treated with 0.3% H 2 O 2 to block endogenous peroxidase activity. The sections were then incubated with 10 mmol/l citrate buffer (pH 6.0; Beijing Solarbio Science & Technology Co., Ltd.) at 121˚C for 20 min in an autoclave for antigen retrieval. After rinsing with phosphate-buffered saline (PBS; Beijing Solarbio Science & Technology Co., Ltd.), the sections were incubated with 10% goat serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) for 1 h at room temperature to block any nonspecific reactions. The sections were then incubated overnight at 4˚C with mouse anti-human monoclonal glial fibrillary acidic protein (dilution, 1:10; cat. no. M0761), mouse anti-human monoclonal cluster of differentiation (CD)31 (dilution, 1:100; cat. no. IR610), mouse anti-human monoclonal CD34 (dilution, 1:4; cat. no. IR632), rabbit anti-human polyclonal factor VIII (dilution, 1:100; cat. no. A0082), mouse anti-human monoclonal smooth muscle actin (dilution, 1:400; cat. no. IR611) and mouse anti-human monoclonal vimentin (dilution, 1:100; cat. no. IR630) antibodies. The diluted primary antibodies were obtained from Dako (Glostrup, Denmark). Negative control slides were also processed in parallel using a nonspecific immunoglobulin IgG (cat. no. HAB5500149; Sigma-Aldrich, St. Louis, MO, USA) at the same concentration as the primary antibody. Detection of all antibody reactions was performed using a streptavidin peroxidase detection kit (Dako) according to the manufacturer's protocol. After rinsing in PBS, the peroxidase reaction was visualized by incubating the sections with diaminobenzidine tetrahydrochloride in 0.05 mol/l Tris buffer (pH 7.6) containing 0.03% H 2 O 2 . After washing in water three times, the sections were counterstained with hematoxylin (Beijing Solarbio Science & Technology Co., Ltd.), dehydrated, cleared and coverslipped. The slides wer then visualized under an optical microscope (CX31; Olympus Corporation, Tokyo, Japan).
Results
The main clinical manifestations included headache and dizziness (3 cases), paroxysmal dysesthesia and paresis of the 
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right limbs (1 case), tinnitus and blurred vision (1 case), and right orbital eminence (1 case). Furthermore, 1 patient was asymptomatic and the lesion was incidentally discovered. Symptom duration ranged between 4 months and 10 years, with a mean of 2 years. The neuroradiological findings of the HEs are summarized in Table I . While 2 cases exhibited lesions in the right side of the skull, 1 in the frontal bone (Fig. 1) and the other in the parietal bone, another 2 cases presented with lesions in the tentorium. Moreover, 1 case presented with a lesion in the cerebral falx, 1 case with a lesion in the right cavernous sinus and 1 case with a lesion in the right temporal lobe (Fig. 2) . CT and MRI results showed that 2 masses were round (Fig. 1) , whereas the remaining 5 tumors were lobulated. The total diameter ranged between 2.1 and 5.3 cm. The 3 patients who underwent CT presented predominantly with isoattenuation, with radiodensity values ranging from 32-47 HU, and a dotted calcification was detected in 1 lesion (Fig. 2A) . The 2 lesions originating from the skull showed local bone destruction and osteolysis. The cortical bones were discontinuous with sclerotic margins, and exhibited soft-tissue density and spine-like protuberances (Fig. 1A) . Moreover, 1 case occurred in the right frontal bone and involved the superior edge of the right orbit and frontal sinus.
The MRI images of the 7 lesions were primarily isointense (n=5) or mildly hypointense (n=2) compared with the gray matter on T1-weighted images. All tumors were scattered hyperintensely due to intratumoral hemorrhage (Figs. 1D, 2C, 3A and 4A ). T2-weighted and FLAIR images showed that all tumors were inhomogeneously hyperintense to the cortex. Mild or moderate peritumoral edema was noted in 4 cases, whereas no evident edema signals were observed in the 2 cases with skull lesions and in the case with a lesion in the right cavernous sinus (Fig. 4) . The lesions exhibited a lobulated and septated appearance due to the coalescence of multiple high-signal nodules within the tumor (Fig. 2B) . The signal voids in the vessels were also visible in all cases (Figs. 1C, 2B and 4B ). DW imaging (b=1,000) showed that 6 tumors were hypointense, whereas 1 tumor was inhomogeneous with high-low mixed signal compared with that of the white matter (Fig. 3B) .
Contrast-enhanced T1-weighted images showed contrast enhancement in all tumors. All lesions exhibited inhomogeneous enhancement consisting of multiple nodules with relatively homogeneous enhancement compared with the surroundings in the early stage; such nodules became hyperintense with delayed enhancement. Additionally, 4 cases demonstrated a marked enhancement, called the 'dural tail sign' in the dura adjacent to the tumor. MRA also revealed ectopic vessels in the basilar region in 1 case (Fig. 4C) .
A total resection was performed in 5 patients, whereas a partial resection was performed in the remaining 2 patients, including the case with the skull invading the dura. Light microscopy revealed dense spindle and epithelioid cells with abnormal angiogenesis in 4 cases (cases 1-3 and 6). Tubular structures and spindle cell proliferation were also observed in certain regions. An abnormal distribution of endothelial cells within the lesion and a branching 'netlike' vascularization extending into the reticular formation was observed in 2 cases (cases 4 and 5). A single case (case 3) presented with endothelial cells showing evident atypia and vacuoles. Moreover, another case (case 7) exhibited loosely-arranged spindle-shaped tumor cells with abundant cleft-like or cribriform small blood vessels in between, but no evident nuclear atypia or mitoses. Thrombogenesis was also observed in certain vascular proliferations (Fig. 1F) . The immunohistochemistry results and pathological diagnosis of the HEs are summarized in Table II .
Discussion
HE occurs in the soft tissues of the limbs, liver, lungs, chest wall or skin. The tumor is rare, and various clinical, radiological and pathological features have been sporadically reported (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . To the best of our knowledge, the 7 intracranial HE cases enrolled in the current study represent the largest documented case series. The different forms of HE include retiform, kaposiform, epithelioid, epithelioid sarcoma-like and composite HE, as well as endolymphatic papillary angioendothelioma (17) . The incidence of intracranial epithelioid HE accounts for <0.02% of all primary intracranial tumors (5,6), whereas retiform and kaposi HE are even rarer (7, 8) . In the present study, epithelial-type HE was more common (4 cases) than HE of the retiform (2 cases) or kaposi (1 case) types. The endothelial nature of HE is indicated by the histological features of the tumor and positive staining for endothelial markers, such as CD34, CD31 and factor VIII-related antigen. HE can affect adults and children, with no clear gender preponderance (13, 14, 18, 19) , However, the gender distribution in the present study was 6:1, females to males. Clinical symptoms were associated with the location of the lesion, whereas common symptoms included headaches and intracranial hypertension. The tumors often grew slowly; thus, the period from the onset of the first symptom to the time of diagnosis was relatively long. In the present study, the duration of symptoms ranged between 4 months and 10 years. HE is a low-proliferation borderline angiomatous tumor with malignant behavior, such as local recurrence and metastasis (17) . Five cases exhibited a lobulated appearance, with different margin intensities from the lesion and the surrounding normal brain tissues. Approximately 50% of the intra-axial lesions presented with surrounding edema, with mild to moderate edema around the lesion observed in 4 cases. The 2 cases that originated from the skull showed expansive bone destruction. However, the cortical bones of the inner and outer table of the skull were discontinuous, which suggested that these 2 tumors had potential malignant biological behavior.
Histopathological examination revealed the different components of the myxoid matrix within the tumor, and the varying distribution patterns of the tumor cells and mucus matrix components. The majority of the abnormal blood vessels within the tumor were thin-walled ectatic vessels, with lumens of varying diameter containing red blood cells and thromboses. In the present study, all tumors appeared as mildly hypointense to isointense on T1-weighted images and inhomogeneously hyperintense on T2-weighted images compared with that of the gray matter. Areas with low-signal intensity or no signal on T1-and T2-weighted images represented tumor vessels. Furthermore, MRA examination showed abnormal vascularity in the tumor. Zhang et al (12) previously reported abnormal vessels in the basilar region of the lesion using CT angiography.
All cases in the present study exhibited a multiple fleck pattern or smaller punctate hyperintensities on the T1-weighted images, which may be features of HEs that could promote correct imaging assessment. Histological examination revealed scattered small hemorrhages and thromboses in these tumors. Zheng et al (2) reported hemorrhage in approximately one-quarter of intracranial HE lesions. Moreover, Ibarra et al (15) proposed that the high signal in the T1-weighted images is due to the methemoglobin component of the intravascular thrombi. Another characteristic MRI finding in HEs is a high incidence of multiple nodular high-signal lesions with septations on T2-weighted images. The present results are consistent with the previous study by Bourekas et al (20) , which demonstrated the slow reflow phenomenon or blood sinus structure within these lesions (9, 16) .
All 7 HEs in the present study showed tumor enhancement, with the lesions demonstrating heterogeneous enhancement patterns. Histology revealed that the margins were the most active areas of cell proliferation and contained abundant vasoganglion forming blood sinus-like structures, whereas the central region was a solid zone with few blood vessels; this finding may explain the heterogeneous enhancement of the tumors (6, 11, 13, (21) (22) (23) . The delayed enhancement is possibly associated with the abnormal proliferation of blood vessels and sinus-like structures. The appearance of rich vascularity provides important information for the differential diagnosis and treatment strategy. A dural tail sign was visible in 4 cases based on the invasive growth pattern of the tumor.
DW imaging, initially used in stroke imaging, has been used to study neoplasia. The current study presented HE lesions with low signals during DW imaging, which suggests the presence of loose connective tissue spaces and lower cell components compared with those of the other solid tumors (24) . However, the use of DW MRI in differentiating between the histopathological subtypes of HEs has not been well described, and its value in forming a differential diagnosis should be evaluated in large studies.
CT of HE in the skull usually shows a slightly higher density due to the abundant blood sinuses and small amount of bleeding between tumor tissues (16) . The two cases that originated from the skull showed extensive bone destruction and osteolysis, as well as discontinuous cortical bones with sclerotic margins; these findings suggest a potentially invasive growth characteristic. Moreover, the observed sparse trabecula bone shadows or spine-like protuberances with evident edges and apparent enhancements resembled those reported in previous studies (14) (15) (16) . Tumor calcification and periosteal reactions are rarely observed (25) . The two cases described in the current study presented with expansion of bone due to involvement of the diploic space, and enhancement, which is similar to the results of previous studies (14) (15) (16) .
Differential diagnosis for HE usually includes meningioma, hemangioma and angiosarcoma (12, 23) . The signal intensity on the T2-weighted images was low, which may be one of the main features of meningiomas, whereas the dural tail sign can enable correct imaging assessment. Adjacent skull thickening in meningiomas is a feature of these extra-axial tumors, which is less common in HEs. Hemangioma exhibit a hive-like or fence-like structure, with a rapid enhancement at the early stage and homogeneous enhancement after a delay (15) . Primary angiosarcoma of the central nervous system is an extremely rare malignancy, which exhibits rapid growth (26) . Imaging studies characteristically show a well-demarcated lesion of the cerebral hemisphere with avid enhancement (26, 27) , thus differentiation from HE is difficult. However, by contrast to HE, angiosarcomas usually present as a heterogeneous mass with significant vasogenic edema and intratumoral cyst formation (26, 27) .
In conclusion, HE is rare, but should be considered as a possible diagnosis when a tumor presents as a lobulated mass, with hemorrhage, signal voids of vessels, a heterogeneous appearance and delayed enhancement; these factors could potentially distinguish HE from other primary brain neoplasms. CT and MRI may be useful in providing an early and accurate diagnosis; each method is important due to the propensity of the tumor for abundant vascularization and low-grade malignant biological behavior.
